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AIISTRACT 
With Lhc Inlrc4urllon 4 hlgh.yleldlng ~mricUe3 .nd hybrid% I n r t . p r r t  -l.Led a Is*. 1noe.M In q h u m .  
sorghum ~ h o a  ny. ~thcngon .  rmrera ~ondani and mldpa c ~ n w n u  ronhlrob CT.. rhlch xerr k n a ,  to orrvr In 
low numben prwioully, h a w  Mom* mljar pnU. 0th- pnU mrh rr shod b y  (Pan#nnrr rnid6 Ahm.1. sphld 
( R h o w n p h u m  mdii Fltrh.md n p h r s x ~ r l u n  mnr l .  nnd r r m w m ( M y h u r r -  WaIkr).rhkhxar&ls 
cmridend sr minor p a 4  are gnlnlng ImporUnae In many qhum.pwi.lng aresl. In the r x m l  Iru% pclu NIL u 
p~rlll. (Pynl l .  p r p u r c l b  Wslkerl, trey reerll (Mf lk#rul  1pp.1, blleer bnl*.(CjUllral- spp. M y i d 4  rpp.1. and 
rml bup lslihmpur asnor Fnb.1 In p.0 m1ll.l. pink bat ,  (S,l#ai. m m j n m i  Wslkn) and urhd x a  ( H , o -  
annigm Hb.1 In nns- mlllrt and r h m  n ia  (AUlrn~oma m d  In M e r  mlnp. mill@ .re brmln, ~ O U I  In 11.~1 
mill*-norlng sresr In Indl.. Chrm1r.l cmbd .~nlnsd rorghum p . ~  p l n d  mwnmtrn 1. the uvmt lq  snd *-1 
Inlcnlcldn horc bren rsomrnmded Hosl.plant r d ~ x e  h u bmme a r  o r m ~ m . ~ a m p o n m ~ i n p a r ( n u w - c  
mnr redsunre hw h e n  ~ n r o r p o r . ~  ~ n t o  re~on.b~y ~ m d  agramm~. bw*grounb. rw om. o( nnja p.(. or 
sorghum. Currcnl emph.sls hns k e n  In Inlqrnle vnrlous conlrd oplla3 Info m.n.gcmcnl p.Ckqo lo mhlmllr Ik 
netL.lndYrcd lolvtr. Inscd - rllusllon snd thecontrol ml1an.vllh Ihcrhlndn.-olne anLlsnlarrdlru&. - " .. ". 
INTRODUCTION 
Sorghum and ocarl millci are lhc maior food and feed croos in h e  d n  semi.arid trooics. In lndia 
Ite,e !-o C.OPP ar? groun on w e r  2: ~ l ~ l l . o n  neclarci * t l h  a prcducuan of oter 16 million mnes 
AICSIP. 1991. \IC\IIP. '991 0 1 c r  dt 30 )car<. me m a  under lherc crops m lndia has nci 
Zn~ngcd, xr.. ; me yrod;:Lun ha< jonc :p from 1: lu  16 mlll lon lonncr. Rr mapr brraklhmugh In 
1hc yield Lncrws in thcse crops occumd through lhc intcduclion o f  hybrids and i m p m v d  varielicn. 
and h c u  adoptton by h c  fumers. Insecu pests are one of h e  major pmductron conswinu In thoc 
cmos. Allhoueh b o a  these ctoos arc atlacked bv a number o f  ~ n r a ' l  aerts. ~csl-affect& lossw an . . .  
much I8phr.- ~n \orgnlnl l hv l  .? m I:& In r~bs8wnce agnc~IIJrc. l o w s  caused by ~nwclpests we= 
no1 &l,d t c l r r e  the proj~c2on lcrcls 3s ~ c l l s  1nrcr1 ~nfcrlallonr *err lo* W t h  h c  r n l x d ~ h  
of hlgh-)ieldlng c ~ l u ~ a r s  and drc c f  beurr Inpub. h e  prcducuon Icrcls navc .mpmvcd N s c  changu 
have also provtded conductvc cnvlronmenl far pcsl multiphwtion, rcsulung ~n subs^^ 1- in  
grain yleld and qualily. Sorghwn shml fly. Alherigono rocrnro Rondani and midge. CONM'& 
sor*hreolo CW, w h ~ h  were orcv~ouslv known lo occur ~n low numbers. have became msnr aws i n  
. ' . . 
modem agrl;ullkrr. Omer PC\% ,IC? 3( enml b.g , P t r r g n n d  mmdu Arhm I. sphldr tRhoplonphnn 
~ , r : d . <  Filch I-j 4pn.V - o - r m r .  7chn1 . 2nd m , u o m .  H ~ r h m n a  srparoro Walku). shlch wcn 
earllcr considcrcd as minor pesu. are gmntng lmponance in many w g h u m - p w i n g  -. 
R c r c  have also bcen changer ~n the pesl control appmrhes over the 1-1 3 4  dsda. 
Bcforc h e  mrcducuon o f  high- ylelbng vanetier and hyktds, farmers used lo follow culpp.1 prlicu. 
such as wr l y  sowmgs, crop mwlionr. ~nlcrcropp~ng, cu.. w redlre i n v e l  damage. Wilh high i n p l l  
te~hnology, chemical convol was considered ss a solution lo ps tconml ,  and a nvmbub f insc t i c i du  
w e n  ncommended and ured. However, realizing h e  demerits d IMJ reline, on chuniulq cffau 
w e n  made lo look for olhsr methods of pcst control, parlicularly host-plan1 nsisuncc and biobgkal 
.e. Recently, major cmphasls has been lo inlcgratc various convol componcnls Inlo an lntcgnled 
at Managcmenl (IPM) syslcm lo minlmlze pest associaled losscs Sharma (1985~. 1987) has rcvlcwed 
Ihe informsuon on i n m l  pesls 01 sorghum and their managemcnl sualcg~cs In Indm. In lhls papr,  
information on Ihe changes in pest situation of sorghum and millcls and l hc~ r  conuol opttons has bccn 
reviewed and dtscusscd. 
I N S E C T  I'EST S I T U A T I O N  IN SORGHUM 
Over 150 Insocl spcclcs axe rcporlcd l o  iced on sorghum (Scshu Rcddy and Dav~cs, 1979; lolwsni era!., 
1980). Howcvcr, only a do /m 01 lhcm cause cconomlc dsnagc Insocl ~nlcsuuons fluciu ate o w  
scasons and Iocauons dcpendlng on ablouc and b~ouc hctors wh~cli aliccl llic crop well a> In%b 
In  gcncnl. hnsccl pest ~nicswuons In sorghum have i n c r u ~ c d  wllh ~ h c  ~nooducuon a i  high.y~clding 
vncl lcs and llybnds slncc lhc mid-~1x1,~s. Onc o l  lhc h c v ~ n  In !hc slow adopilon o l  h~gh-  jicldlng 
~ C n o l m s  has bccn lllclr crcalcr suscci)l~btl~iv lo inscci iic\l>. Aillloueh Ihcrc lha\c h z n  rcnon, or 
high yicidlng, was hlghiy susccpliblc lo \lionl I ly Jnil IIIIII~C. \i- l i#~h a150 gil~ncd iml [ )o i~.~ni~ 111 olllcr 
high-y~cldingculttvaxs o iccp~~hlc to io.;cc~s wcrc rclcasd. 
Thcrc havc bccn iragmcnlcd rcporls n l  pcai ~niciwlion, 11) I >m~cr \ '  Oc~d.; until I , P i  l i t  h c  
m~d.scvcnucs, a \pcclfic wrvcy and aurvcillancc projccl i r d i  ~ncludcil ~n 111s cntomi>log~c.il r c \wn l l  
of Ihc A l l  India Coordlnalcd Sorghum Irnprovcmcnh P ro j c~ l  (AICSIP) .lnd j ~ n c c  Ihcn. rcgul~r  huricjr 
are conduclcd In dllicrcnl arcJs Thc following ,ualm.ii) or lhc sorghum pol hiluauon In IndlJ h ~ s  
bcencomp~lcd lnainly lrorn Ihc ~nlorrndimn eiallahlc III AICSIP Progroj Rcpons (AICSIP. 1976-91). 
published l~wralun: and prronal  con~$nun~c:~l~on NIL!, !lit \orgllu:n uorkcr, !,I d~l lcrc i l l  rcg~ori? 
Thc most wldcly d~slrihulcd \orghu~n pc ih  In I n h i  whlclr ~ d u r c  tor~ol~lt. ddin.!gc IUI lli: !.rmcr>' 
liclds arc; ,hoot fly, rlcm borcr, lorghum inldgc, urhcad bus, Jll1)901111 a id  d111!1d, j 6~hu I .d  .I1111 
JoLwani. 1980) Olhcr apccica th l l  cause scvcrc darndgc ~n SOIIIC locdlloil~ allti in 5Olnc ~ ~ i u i l \ / ) u r ~  
arc iccusl, whllc grubi, h c ~ d  cJlcrp~ilars. jhool bug, pyi~lla, bllhlcr b~cllc,, i u l uo r t l : ~  Jnd nlllcr ti1 lhc 
ralny (khortl? scaton: and flw hcctlc, dclphac!d# and wlrcaornl\ in Lli: pobir~iny (rob!) acaon (AICSIP. 
1976-91). P o l  lolciouon* ~n ,orgl,u~n Ihaic Ibccn rcliorlcd irunl Dc1111. UiI.i~pur. lndorc. Surab?i~r\lr!. 
Akola. ParbB ni, Rnhurc, PalcmMyilcnh.~d. B~jdpii i. Dhaw.id Jllll Cormbvlorc P o l  ~ ~ ~ l h > U l ~ o l i i  $11 
lhc faxmcra' llclds ( T ~ h l c  I )  havc bccn avcr~ccd ovcr .i (-"car ncr~od (1976-80. I9XI.85 dnd 1986- 
. . 
90). Insccl ~nfcswuom havc bccn n n i c d  on I - 3 hcalc, uhcrc I = > 2 5 %  inlc>lal~on. 2 = 10.25% 
InlesLllion and 3 = c l O B  lnfciwuon Avcrarc lnt'csraiion Icvclh u'crc comnulcd only lor lhc locaoon~ 
. . 
whcrc daw wcrc avallahlc. Tablc I indjcrli'! lhal ~hoo1 Ily illid l c l n  borer III~C\LI~I\~II\ l h ~ i i .  bccn 
rcporlcd Ironl all Ihc 10 ccnlcrb, whili: sorgliulrl iilidgs Irom clghi, licad bug, alld ~rlI l)uorllh iroin 
scvcn cach, m d  aphid\ lrorn alx ccllsr\. l nd~ i~dud l  I r r l  \ ~ l u ~ l ~ o n  ovcr lhi: 1a\1 IS ) car  (1976~Y0) IA 
rcporlcd bclow. 
Shoot Fly 
Shoo1 fly Ir;l scrlous pcsl ~n lhc rcedl~llg awgc ilur~ng ihc pr\\r.lwi) \:sirn 2nd i lurng lllc r.llny icdholl 
whcn Ihc lowlngs m dclaycd. In ~ h c  lalc rainy rw,oo, Ihcaby 111lc\u11on\ hale kc11 rccordsJ lroln 
Mahrashlra p s b h e n ~  and Rahurl), Andhr? Pr..lc\h (Palc~tl), KJrn.ll:lk.l jDhu*.i<l), Gujuol (Surd11 
and Dclhi. Modcralc icvcls of inlc\iaI~on arc rcporicil Iruln roll>;r pl:lcc\ crtcl11 Co~lnbdlurc. uhcrc 
~nicswlton h;~s hccn low. i n  gcncrai, shoo1 fly tnicswuon has increased lrom be late seventies (score 
2.0) l o  lhc lnlc etght~c.; (wore 1.5). Incre&wd ~nfcsuuan h a  k n  rcpned lrom rtx out of 10 locations 
(Tablc I )  In  lhc carly ralny season, here was a 3.lold Increase In shml ny  inferlauon (10% in 1976- 
XO lo 30°h In 1486-90) In Ccnval Maharashrra (Parbhan~). However, in  Gujarat. K a m a ~ a  nd Tamil 
Nndu. the ~nlcswl~on levels rcmaincd swuc at ~ 1 0 %  (AICSIP, 1976-91). in  the posumny season. 
hcavy ~nicrwt~ons occur In Maharashua (Rahur~ and Parbhan~)and Kama!aka (Bgapur) i n  l h ~ s  ewn 
alw. lhcrc was :ID tncrcarc I" mlcswllon lcvrlr ovcr umc. 
i l l  ? i ?  I : ?  3 -  - .  I I 
I 2 2  2 2 1  7 1 7  . - 2 I - 
? I ?  1 1 2  : i l  . . .  1 1 3  . 3 .  
: I ,  1 2 1  2 2 1  1 : )  3 I 
2 3 :  1 1 :  : l l  3 .  2 1 2  - - .  
' t i  1 3 :  l i ?  2 . 3 2  . . 
: l l  I l i  7 1 2  1 2 3  2 1 .  3 1 3  
: I 1  1 3 :  2 . . 3  
: > I  3 3 2  : : I  I 1 2  I 1 2  1 1 3  
Stem h r c r  
Thcrc 3rc IU'O ~PCCIC< or \lcnl b r c n  ha! infcrt sorghum In Ind13. Spatlcd rlem horcr. Chiloponeliu 
Swtnhnc, I.; w~clcly dctt~bulcd ~n all sorphum.growing nrcas. Plnk b r c r .  S c r m o  zrJrrcnr Walker a 
rcsuictcd lo Mailhvli Pradcrll S inieren.~ olco inlcsls sorehum durlnc the wsvalnv season In 
- .  .
Maharnshlro. Andhm Pradcsh and Kamowka. Scvcrc borcr inlcrwlions in the farmers' fields are 
rcporlcd l iom Mndhyn Piodckh. Ral;~tlhan. (;ul:v.bt .ind norhcrn hlaharachlra (Akola). I n  other slates. 
bdrer ~nli.?wuon ~c lor" lo mcdjum: The ovcra-:I ~nlcstot!on level? have no1 changed tctween Ihe la* 
evcnucr end c~ghuc, Howcvci. horcr ~nlcauion Ih~ r  ncrcascd ~n Rapslhan. Ccnrral Maha nshua 
(Pnrhhan,), Anilllr., Prodc~h and K.irn;wka. .~nd dcirc:l.;cd ~n Dclhi. M~dhya  Pradcsh and nwthcm 
Maii.!rn\h~r:,, i r h l c  in Ciojaral, Wc.lum bl.(;ih:!r;~,hv.i (R.lhilrl) ;!nil Tam1 Uodu, lhc borcr siluallon has 
not chanfcd otcr tl~nc 
Scicrc mdgc ~nlc\ l .~ l~on h.1, hcrn rcporwtl Imm (iu~;tr~l, Tamti Nailu, ~nrnawba and Isc ly  from 
Drlhl m i l  ucucni  M.>liar:,,hir.i (R.~hilrl) Lrru ~n ic \w~ lon  occurs in Rqaslhan. Madhya Pndesh and 
lnorrhcrn M a i ~ : ~ r ~ % l l u ~  ~Akol,l l Thcrc ha, lhzcn a trcnd or ~ncrcased midfc lnicslal!ans over time. 
Mulgc III~C\LIIIOII in M.~h.tr.~ihir:~. .I m.ljor \~ r r~ l , i #n l  g ,ir,,l~g \talc, har hccn m~nagu l  wilh llmcly and 
~unlrorn, / ~ l i , i i l , n~  01 \III$IIU~I 111 LIW r ~ m y  rcaiiln. K.~ma~ti.i 1s cndcmtc lor mldgc damage, whcrc L k  
~nic.;intlon m:)) c ~ c c r d  50r4 
10 
.toad bug inlcswuon IS ncgligtblc In Dclh~,  Rajaslhan and Madhya Piadcsh. whllc mcd~um 10 hlgh 
infcslal~on occurs in Cujaral, wcslern and ccnlral Maharashua. Andhra Pradcsh. K u n a w n  and Tam11 
Nadu. I n  general, lhcrc has bcen an tncreasc in bug lnfcs wunn ovcr llmc wlth ihc ~nlroducrson of 
cullivars w t l  semlcompacl and compact panicle 
Armyworm 
Theoriental a n n y w m .  M y l h m  scpararo Walker is Ihc major m y w o r m  specics ~nfcailng rorghum 
and pearl millet In Ind~a. A r m y w m  infeslauon has been medium IO scvcrc In Mahamhwa, and 
K a m a l h ,  whcrc 11 occurs quitc regularly. Alhough ia lnfcrwuon h x  rcmotned iwuc ovcr !hc la51 
I5 years. 11 occurs in cpldcrnx lcvcls and rc?ula ~n lhc dclol8auon ol\orghum oicr a I ~ r g c  arm, 
Aphids 
ry  low or ncgllg~blc aphbd ~nfcslauan on wrghum war rcponcd up o Ihc rc%cnucs Thcrc ha becn 
WI incnarc in aDhld lnlcs muon sincc lhc earl" e~nhucs and rcvcre 1nfcswuon5 ofRhonolvrinhwn m d ' s  
' " . . 
ha>ccccwcd on R l h l  ana Aph.5 mcrmrr Zrnnl. ~n r e w n  \luc-~\n'r. arc K~-i.,i i. 2-14 ..r ':,>L. 7 
a15oacdrs In Ra,aslnul. Mbdh!a Pi3Jcrn ~ n l  G~,ar,! 
Ohc r  insccl pcsu that occuncd occastonally In dillcrcnl uoi arc glvcn In Tdbic 2. Yanou, 
spccios 01 k i d  calcrpillars m rcponcd from Dclhl. Madhya Pmdcsh, Cu,nmi, Mahra~ l i ua  a d  
Karnataka: Pvnlio lrom Delh~. Madhva Pradcsh and Gurar~l, and mllcs from k l h i .  Rmxhan.  M ~ d h s d  
Radesh. G u j k t .  Maharashua. ~arnamka nd Tam11 ~ a d u .  I n  thc pasuainy \ason,  ih;. mqor pcab b f  
sorghum arc lhc shoo1 bug (dclphac~d), whtch causes lhc 'Chrlkn' d j \ w x ,  and he flw beellc. 
Table 2.Cvruim.l lnxn prU In hnerr'n*ld. st dlnerrnt l=ntlmr In India 
Lootim SU~M Lnrca pulc 
klhl Ramy Ilced cawrpdlan PyrsJla, MJLC% 
Uduprr R h n y  Ul~~crr bccuc. Mjic$ 
lndore Kamy I l ~ d  m ~ ~ ~ ~ l l a r ~  Pyr,ll0, DC; *~C,~S ,  I l ~ r y  C~:C,,;II~~S 
illirtrr b~ll..C"t xoni,. M,,cr 
QIIRI Ham) l l cad u!erpdla!<,Pyr~Jla, &l>tcx 
da Ramy llcad utcrp~llarr,C.rmnd krdci 
Parbharu Hzmy 1Ic.d u!crpillris 
Patmlny Wlrr wuml .  Delph&i#dl, Nrr bcellrl 
Rahun Rsmy Shoal bug, 1le.d irlerp~llrr%. Miici .  U'htle gmhr 
Palralny 1.1~. b c i l u .  Shml hug 
P d m  Runy .M#icr. Shml h i g  
Dhaiuld ~ . r n y  ilcld olrrpli~.n. ,niiu 
P a i n l n y  Shed h u ~  
Counblac Ramy Shnx bug. Mllrr 
P a m i n y  Shcd hug 
INSECT IJF.ST SITUATION 1K MILLETS 
Scvcn spec~cs of common millels grown in Inba arc. Pearl mlllct (Penn8setum ~ luo rum ( L )  R Br.). 
Flnger m~l lc t  (Clcannr roracann &.) Gacnn). ForWll millct(Seiaria rlalrra (l. 1 P Bcauv.). Litl lcmillct 
(Ponicum rumurrenir Ro1h.c~ RDem & Schult.). Proso millet (Panicurn mrlcoceurii L ), and Barnyard 
mlllct (Crhinach!oa criirpalll (L.) P. Bwuv.). In India, mllleu arc generally free from major ~nsccl 
pcst prublcm\ colnpaicd wllh othcr cciwl.; such as sorghum, rlce and malrc. Howcver. 11 8s common 
to find ccvcrc pc\r 1nic5wuons on m ~ l l c l i  Scrious outbreaks and locally important cndemlc pests have 
been rcportcd friim tlrnc to tlmc. Among Ihc rndlcts, a large number o f  tnssl. pest s p e r  causing 
cconomic dilrnagc havc been rcponcd ~n pcz l  m~llct, whllc a few species cause economlc damage on 
other rn~ilcls A comprchensivc account of pcst pmblcms on millel? and eeir  convol ha% been given 
by Shnna  and Dav~cs (19RR) 
The pe;~rl m~l lc t  inccct pcst sllualton ~n varcous rwtes in India has been summartzcd ~n Table 
3. Thls ~ n f o r m ~ l ~ o n  has been comptleil from thr survcys conducted by Ihc Al l  lndia Cmrdinated 
M>llct Imprnvcmcnt Projccl (AICMIP) sc~cntiq~s In f m e r s '  fields (AICMIP, 1980-92). The mapr 
Insect pestu oipcarl mlllct in Rajasth;~n are whilc grub (Ilo!orrtchia spp.), blister bcedes (score I ) ,  ml 
bug. <hoot fly. Srry wccv8l. I w i  rolici (Morarmfia !ropetolir Gua.) and chaNcr beetle (Anrhrocophora 
p . Ci!i!oloha arulo W.. Oxycclon~o spp.) (scorc 2). pyrllla, grcy wccvil (score I), earhead worms, 
stcm borcr and Ic;li rnllcr (scorc 2) arc cmponanl peru in Delhl. I n  Madhya Pradesh. Ihe pesU o f  
major cnnccm arc grcy wcevtl (Fcorc I), grasshopper (Acrido sp., Chrotogonus spp.. Hzcrogiyphu 
cpp.. Ocdiikrir {pp). , I w f  roller and carhad caterpillar (score 2). Jarsids (scorc I), shml fly. 
grasshopper and bltstcr tcctlcc (scorc 2) arc Imponant in  Gularal wh~le in Maharashlra, none o f  Lhe 
pcsLr is of cconomic ~mpomnce. Mldge, Geromyiapcnnisetrt Felt,  ha^ k e n  repomd Lo cause severe 
damagc in Tam11 Nadu. Most o f  thcsc pests h a m e  Imponant only In Ule cighues, except white g ~ b s  
In Rqasthan 
tn'ea prci ~ - 
Sulc WCiKU St JF I'K FH Sl! GI1 (iW LR CU BB KC HC AW MG 
AW Amy+on>>. MO Mldpc 
Scare I ; >25C ~ n l c s l a ! , c ~ ~ .  ? - 1 I 25% mlcl l~t#nn.  3 = l I@% ~nlrrcsum. I-)= no r r p n  
Imporwnt pcsts of mmor rnlllcu causing some losses arc pink borer, earhead'worms, dusky 
cotan hue (Ox>rorenur 50) and na~ntcd bug (Eaprada cr~si/crarum Kirk.) in iinzer millet: shm fly. 
arm)uoA.  I u f  beellr and .car lrlncr In lorla; m.llz1. shoot fly, sphtd, ]a~sid. w ~ h d  bug nd 
grarshopper 1 I Ic m I :I. nu-! fl) In proso m.llet. shoo1 fl). arm)uorm, gall fl) andjanld in Kodo 
millet; and shoot fly and armyworm In barnyard mdlet. 
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Avoidablc losscs due lo  Insccl peaa in par1 !n!llct over r 3 . y ~  pcrloil (1988-g0) wcrc 
.stimsud lo  be 18.2% (14.3 - 21.4%) In diilercnl hlgh.ylcldtng varielss and hybr~ds (AICMIP, 1991). 
Avoidablc losscs w u . 4  by shoot fly have bcen r cp r l cd  lo  the cxlcnl o l  92-39.0% In l ~ ~ l l c  m~lleh 
(Sclvuaj era!.. 1974). 23.3-59 3% In par1 and prow, rnlllcL7 ( N a w q m  el a / ,  1973, 1974) and 35.3% 
in  pearl mll lcl (Slngh and Jolwan~. 1973) B l ~ s a r  becllcs rcsultcd In avojdablc lossci o i  h 8% ~n pc,irl 
lni l lcl ( K m m u r ~ y  n dl.. 1970) 
CONTROL OPTIONS 
A nurnbcr of cultural pracllccs arc iollowcd 111 rcducc llic pc<r inic5ullon\ In $orgliuln dnd m ) l l ~ ~ ,  
Thesc arc: (I) Early and unjiorm plunung [or shoo1 fly, nlidgc ~ n d  h w d  bug5 (Jolwa~l$ ui 0 1 .  1970: 
Hardas el al., 1972; RamnaIh e l  0 1 ,  1974). (11) Hlgh sccd rdc  [or shoo1 fly i G ~ h u k u  w d  Joiu.inj, 
1980). ( i l l )  Collccl~ng and burncng s~uhblca for blcm borcr md ~ I l a l l y  prlnlrlo fur nlldgi' (Gd~ulx 
and Jolwan~. 1980). (IV) Dcsrucuon o l  alsrnalc l io\l\ ior shoo! fly and \lcrn horcr, ( v j  Plough~ng 
ailcr crojl harvcsl and k l o r e  p l ~ n l ~ n g  lo  rcducc cx r r r )n ic r  or  whllc gnih?. pirs\hnppcr\, h , l ~ ~  c l c r p ~ l l m  
and slcm borcrr (Cahuka and Julw;in>. IUXO), i i i j  l i i lcrir i ipp~ng ulrghuln wid, Icgu~ntnovr rirqlr I,, 
rutui: \hoot fly dnd m d y c  damage (Hardai er 0 1 .  I411i!). ( i l l !  l ' l ~ n g  and hurnlng o i  v ~ r h  JL dush In 
i lcld? l u  a l rdc l  and k i l l  whilc grub &dull5 (Yailav.! cr iil . 14731 .lnd ( v l i ~ )  Prupcr rlnd i!nicl) wccdtng 
o l  crop lor orlcnwl armyworm (Shsma and D~vs,. 1482). Thc mohl r~gn~ l i can l  convibuuon 01 wr ly  
and un~ lo rm  planl~ng ovcr a largc arm hd, hc211 ~n lhc m.ln.tgc>ncnl or ,hoot 11) r l id  niidgc i n  
Malwrajhua (Jolwanl. IOX?). 
Much in iorrn~l lon hda hcco scncr~lcd on h~oconlnil drcnl\ o l  \i>rdh~rni nc\l\ durlnr hc 1351 rlr'cailL 
. . 
borer: /i~rurr,chu,\ diploitdir Cioisr iind Orgur ,,iox!dinrcr Gh.luri inr ~nldgc.  I . i>z/onrs ~ n d  
A ~ o r r o c e r l ~ r  lor r h m l  fli, and Nuc l cs  PaI)hcilro\l\ V l ru \  (SPY!. -lpiinrrler r.ilirrrir i l ~ l ~ d ~ y ,  and 3
ncrnalodc. Slernernonu Jelltoe F ~ l ~ p j c v  ior orjcnwl d l nyuonn  h h o r ~ l o r )  ri'alng ~ i 1 4  llcld rc iuse 01 
nalural cnclnsca "aruculxly 'itrrhoarorrmiu. d ~ ~ < i n i c l r <  r11,1 IICIIIJIO~C, 5 f~.l!ti,c 1h.1vc hccn undcrwicn 
(S f e l r~w)  ru\pcn\con in thc I c ~ l '  whorl o l  \ o r~hum 31," rc,ullcd in XII.i)(lC'i m i v l ~ l l l y  of o n c n l ~ l  
amywoni, Knnwlcilyc 111 lltc hi~,log~;~I ir>nuol agcnlr r o l  ~n! l lc l  ~ ; l \ c c~ \  i \ vcry I~in~ic,l A nonihcr at 
b!oconcrol JgcnLr h ~ v c  hccn rc~i>rclcd I r < i ~ ~ i  i1111lc1 pi.\i\ i ~ h ~ O 1  .lrc r l lw  I~CSLI 01 nihcr cir?.ll\. S~I.IIIJ 
and Dev~c r  (1988) rcv~cwcd lhc dv.ol~hlc ~ofnro,.tllon oo lllc h~olo$!c.il cimlrol o l  milli.1 ~ l c \ l \  
Slncc Ihc lnccpllon or AIGSIP and ICRISAI', inl,ij<ii c!II/~II.I~~\ 01 cn! i> , i? i~ l~g, i l i l  IC\C.UCII in 50rghu111 
has bccn on horc.plan1 rcvhl ancc E l l i i ~ c n i  J I I ~  rcl~dblc ie thnlqu~\  iirc n o w  J \ J I IA~ IC  i o i  I.Ic,LII. 
rcslswncc 5rrCLnlng ag3ln\l In.ljor \ilrylluili pc,l, u\lllp 11ilur.il ~ n d  . l r l l I ~ r l ~ I  lll\i'il ,~llcawuonb 
(Shwma PI 01.. 1992) Var~ous Lcchnlqucs uscd lor dtffcrcnt pesrs arc: 
Shoo1 I'ly. D c l ~ ) c d  cowing. planling o l  ~nfcstcr ows, usc 01 fish meal, and cage screening. 
Slem Horer. Sowing dalc? a1 hnl-spot localions. and arlifictal tnlcsmt~on. 
Midge. Dclaycd imd suggcrcd sowing. planling o l  inlcsler rows, u x  oldlapausing population, use o f  
sprlnklcr ~n ign r~on  In ihc psvainy scason, and hcadcagc lcsting. 
Ifend Ilugr. Dclnycd sowing, pianung o l  inlcslcr rows, and hcadcage Icchncquc. 
In lhc ~ni l ia l  y a m ,  a Iwgc collccl~on olgcrmplasm mate i i l  was screened, m d  a number o l  
llncs rcs$sl;int l o  diilcrcnl peels wcrc ldenuficd (Singh c i  01.. 1968; Pradhan. 1971: Jotwani. 1978: 
Shnrma. 1WSa h. Tancja and I.cu~chner. 1985a.b) Thc rcsiswnt sources have k e n  used in brceding 
programs lo Incorporalc rcv,wn:c Inlo g w d  agronomic backgrounds. At present, a number of 
rcaronably h~gh-y~c ld~ng  gcnolypcc arc undcr vv~ous  sugcs o l  asling (Shanna el a / . ,  1992; lotwani. 
1982). Sornc of Ihcrc arc ICSV 197, ICSV 743. and ICSV 745 lor  midge: ICSV 705. ICSV 708, and 
M 15-1 for shoiil fly, and ICSV 700. E 302, E 303. E 601, E 60?. E603,and E 604 for stem borer. 
Thc Al l  Ind1.1 Cooid~nalcd Ml l lc l  Improvcmenl Projcct (AICMIP) has becn working on 
ho\l-plant rc~!~l;incc lo millclpcrLr sincc Tlxllcr klosl of Ihc rcslsuncc scmning work has t e n  done 
u m g  n,~lural ~nlc\Wl!ons A cnnccrlcd cllorl has bcen made lo screen he gcrmplasm and breeding 
mnsrl:ils agalncl shoal fly. Elcm horcr, grcy wccvil. I w i  roller, blister bccllcs, pyrilla, grosshoppr. 
cwhcad bug. carhwd calcrp~llar, armyworm and jassldr (Pradhan. 1971; Jotwani, 1978: AICMIP. 
l9XO.Y2) A number o l rcr lsunl  llncv havc bccn rcponcd lor whla grubs (Pndhan, 1971). stem borer 
(Sandhu c i  01.. 1976. Kundu el "1.. 1980. ffi.;horc and Joluan~. 1980).shwt fly (Namjan  at 01.. 1973. 
App:!dur~> er a / .  19811, grey uccv~ l  (Kj\hoic and Jo~wan~. 1180), and pyrllla (Jotwani, 1978). 
Chcnllcal control o l  wrghum I r \ l ,  In Indin kpan  n !hc i lu lcs w l h  Bc  ~nucduclion o l  hybrtds, which 
ucrc Ihtglily succpuhlc lo 311 lilt myor pcrlc. hl.lny chcmlcals havc txcn asled agntnst all lhe peso and 
\omc ol thcl!~ ha\c k c n  r:comnicntlc~I lor UF on Pumcn' fields ln~~cucidcs haw mainly been 
r:co~ntncndcd lor ihc control ol \hmt fly, wcm h rc r .  midgc, head bugs, hcadcalcip~llars anddclphac~dr 
Slroor I:/).. Shoot 11) $\.I: Ihc li:\I ~nqcct on ~nrghum rgainsi wh~ch many ~nxcoc~dcs  havc been 
~c\ tcd Thrcc mc lhd \  o l  chc1nic.11 rppl~cauon h:nc bccn used lor shml fly conlrol: roll applicalion or 
gr;~m~lcr 21 ruuuig. ~cccl rcauncnl :Inrl lollnr ~ppl lcn l~on.  Soil appllcal~on olsyslcm~c ~nxclicides has 
bcrn fount1 c l i c ~ t ~ i c ,  bul 11 I\ no1 Ihslng used hy iarmcn mainly bcausc of Ihc hlgh casu ~nvolved. 
Sccil lrcJinrcni iillli ~ncccl~cli lcr har dl\o bccn lound cllccllvc agdlnsl shwr fly, and lhls har reduced 
llic uo\l of insc,llc~dc :xppI~cul>on Shoo1 fly ~nlc<w~ion I.: also rcduccd by uslng mlrlures of maled 
2nd u l~ l r v~ l cd  \ccd \'arjoui ~n\cc i>c~dcs lound c l lcct~rc against shoat ny  slncc 1965 a n  given in 
T.lhlc 4 (Sandlln .~nd Young. 11)71. S~ngh dnd Jolwanl, 1975. Kundu r i  01.. 1978: thobbi el 01.. 1979: 
Sul lunl  jnrl Jclua~,!. IVS(I. S.id;kaihulla. I%IJ:  Molc, 1982) The Iwo moql cllcct~vc chemlcab, 
c;rrholur;in and phornlc, o\cil li,iL?y a\ ,011 nppl~c~t>on arc Ihc u m c  as !how uicd In Ihc Sixlles. Carlap 
h;i\ rccci,ily k c n  lound to hc cl'lccuvc at \a11 rppilcatbon agalnsl shw l  fly (AICSIP 1985.91). 
Cuholumn, chiorpyrlphos and monocrolophor conlinuc lo k cllccuvc lor seed uealmcnl. I n  addition. 
c;vbosuli;ln (FMC 34lX)I). cilrnp, lurathiwarb ;lnd po\sc havc rcccnlly b a n  recommended lor wed 
[rc.ltmeni. 
Thc loliar appllcauon 01 inscucidcs 1s no1 lound very cflccuvc mainly hcc~urc Ihc cggs 
. laid on Le under surface of lcdvcs (VcclamoorIhy e l  ul . 1')65: Chachorra. 197?) Kcccnlly, ,hoot 
Ily has k e n  successfully convolkd by Ihc lollar applica lion ul  cypermclhrln applicd cilhcr by 
'ElecWyn'  or ar high-wlumc IprJy (Tmcja and Pal, 1992. 'Tmqr md Henci. 1992) Fin1 applrcauon 
should kc made w~lhin a wcck alC1 crop cmcr gcncc and bc rcpwtd a wcck lalcr Fol ir  appl>c~L~on 
01 cndosulfan, yuindphos, cypcrlnclllriti, carup, por\c and ~tdtujrl!ar Iiavc al\ii Iiccn Ioo~il iu lbc 
effective (AICSIP. 1985-91). 
Stern Borer. Since the mid-sixucs, a numkr of lnxFl~cldca hrvc bccn lound efIcit~vc dgali,t rtclri 
borers (Srivastava and Jotwani. 1976: Kishore and lolwmi. 1977: Vcnugopal e l  o1.1977a. Kundu muld 
Kishore. 1980) (Tablc 4). 






Howc%cr. whorl applcnuon of  carbolurm and carwp. lollar appleauon olcndosulfan, cyperrnc hrin, 
pcrmctlirin, c)floxylalc m d  camp: and dusung with B1IC and lcnvalcrale havc bcen rccorninended. 
Whorl ;~pplic;\l~on o l  ~ d n u l c r  t i  "cry eliccll ic agaznrt C porrrllur, whcrc thc carly tnrw larvae iccd 
~n h e  u,horls (or 1-2 wccks. k i o r c  harms cnro the slcrn. Ellcctlvc borer convol was achlcvcd wnh 
lwn appltcnuon? di an inarval of 111.15 d~ys .  ihc l lrsl npplicauon bang rnadc 25-30 day\ after crop 
crncrgcnie 
S o r ~ h u m  Millae and Hood Iluzr. Durlnv h c  o r l v  scvcnues. rnanv ~nreclicldes were rcwned lo  b: 
. -, . 
. ..I $: - 2  .I:~ ~~,;-,T rn:c Y:Y.;~:TI ef ;, 19--b, > l o & ~ l  el cl  1 7 %  QJ?~.!I~L.IL. I h l b  
'? -  !nw..: . I ,.: j t l j  .~xJt..:, \.?:cn . er 3, I+'-, iukun an? Pmc%huuappa.  13'3. L h b a  
R3o el 0 1 . .  19RO: Tablc 4) A1 oreven1 the comrnonlv uscd $nsecl~ctdes arc BHC.carbarvl. cndosullan. 
lnnlalh~on and yulnalphos. 1; lhc c v l y  clghucr: synthcilc pyrethrolds (pcrmcthrl", lcnvalcrale. 
< iccmcthr~n and ~ypcrrncthrin) wcrc also lnund lo he c l iwuvc against these p e ~ a  (AICSIP, 1980.91). 
Miller Pera. V c y  IllUc crnphasls has kcn placed on dcvcloplng chcmtcal convol schcdulcs lor rnll la 
p c c ~  bccau<c or low pcsl scvcrity, low c o ~ u k n c l i t  ralios m d  subsislcnce produclion Three types of 
~nwcucde  Inrrnulai~ons (granules, dusu and sprays) havc been lcslcd (Tablc 5 ) .  
'r.bil. s E r r<~ t i ,~  rhrmira~r #lr millet ins-, prrt ~ ~ t r u l  in indin 
Lnrcn pelt, 
In$eclmildc W<; Si S l l  Kll <iW IlC 511 PK RH CR 
. . . .  Rep!$" 
wc ; wltr grub, SF = S h m  ny: SB = Slrm h r .  RB = R m  bug: CW = C y  v=vll. H C - H d ~ l e r p U w  
St! = S h w  bug. PR = P y r d b .  BB I Hlrslcr brdc CH = Chabrhnlc 
Maxlrnum numbers o l  lnscctlcidcr havc been lc\lcd agalrlsl s h w l  fly followed by head caler 
.r, slcm barcr and grcy wccvll. Dust l o rmu la~~o~ l s  arc inore cllccl~vc Illan Ihc granulcl or ,pray\. 
l h c  inseeo~c~dc most cllcciivc against scvcral pw l r  w a  BHC dust lollowcd carbaryl (du l l  and spray!. 
fcnvalcralc, rnalathlon, qulnalpltos (dust) and cnd11\ull;111 (\pray). In  cxpcritncln\ wllil uh l lc  grub 
rnanagcmcnl, ~nsccuc~dcs hevc bcen uscd In two way\. (11 Ilrcorpordllon o l  I s m  yard inldnurc (FYAI) 
and ~nscclicldc (BHC or a ldr~n dull) Injxturc (3:2) Into !hc m i ,  and (2) kccpi~lg F Y M  and III,CLIICII/C 
rnlxlurc (1.8 kg FYM t 1.2 kg lorccletdc) 111 heapr di,rr~buiul ~n llic Ilcld. [ ) i l t ~ r ~ ~ . l  LII~II~~LJI, U,Z~ 
wcrc. BHC, aldr~n, malahlon, qulnalphor. cndorulfan and l~cpwchlor as duals: and phurulc, qu~~i ,~ l l> l ie \  
and ~\obnphoa as granulcr. Thcsc teehniqucs havc rlgnl!lbalnly rcduccd the w l i l c  gruh Ililc,ut:rrr> III 
millcLs. 
ECONOMIC INJURY LEVELS 
I n  an ~nicgrialci! pc i l  rnanagcrncnl packagc, inrcclicldch slhruld tx applied h;i\cd uo the c c o ~ ~ o i ~ l c  
Injury lcvcls (EIL). In  wrgltuno, h c  CIL's lor lllc major p l \  havc bccn wcirlcd out. !liuugI: lhi! ~n,.iy 
changc wlIh Ihc lype o l  culilvar. pl;sc, r a o n ,  or CLO~UIIIIL va lw o l  ihc crop, l i ) r  ,liooi l ly, R.II , I . .  
(1978) rcporlcd an ELL or 3.X-'J.h'k~, 3.4-K.5'1, dnil 5 '1-15 ll':, in lc \ l~ i tuo ~n CSII I. CSH 5 21,d 
Swarna, rcspccuvcly. Two lo  three flies pcr f lowcr~ng pan~clc conhliiulc ii!c EIL lor rnldgc lKdr,injA.u 
and Chandurwar, 1981: AICSIP. lYX8.84). For w i n ~ a i l  b ~ g ,  Shannd arlil Lapc! (1YU9, rcporlcd .ill 
EIL  01 1.3-1.4 bug\ ~ 3 r  pilnlclc l i ir CSI i  I: 0,4 hug\ lor ICSV !,  and 0.2.06 bug, lor CSH 5 .  111 tile 
c a c  o l  slcm barcrs, prcclsc E IL  has no1 hccn worlcd oul Ibcc.~u\c a i  the cn~~ :p l c r~ t y  o! ~ ~ i r c ~ w l i o n  .tnJ 
iLs c lkcc*on eratn and Inddcr v~cl i l \  11 h d ~  hccn c!Ubli\hcd iii,~l c,~rl i ~ n l c ~ l a l ~ u i i  (al en iilc croo I \?-  
3 weeks old) rcwl ls  In dcadhwrt lormation 2nd \grl~Irc.inll! rcduccj lhc ciain i x l i l  A p ~ ~ l i ~ a l i o r ~  ,): 
insccl~c~dcs tcln'ccn 15 ;~nd 30d.iy\ ~ I l c r  crnp cnlcrgcncc r c j u l~ \  I r l  c I ! c c i~~ ' c  prolcruon ;III,I \ ~ g ~ l t l i ~ a n i  
yield incrwsc (TPIICIJ 31:d Nwan,c, l'lR9) 
F U T U R E  R E S E A H C l l  SEEDS 
Survcy and survc~llencc c l lur~s \hould k ~n l cn \~ l i cd  on ;I rcgu1.e  ha,^, roicr ILlrpc dr;a\ 11, dbhcrr illc 
p c s ~  s i lwl ion w ~ l h  changer l o  crupplng ay\lcrni. aJ11pllilrr o l  h~gIo-)~cld!i ig ~ u i l l i a \ .  ~ilil u\c o l  hlglicr 
Inpuls. Elloris should k r n ~ d c  lo  Inlegrat vsi;,u\ conlrol nplldnt Illla lPhl pa,lagc, lo  hull lllc 
subr~ilcncc and rcu~urcc-poor lamer\  Pc.1 conrrul proyr.lmnici ~I louhl  hi' hd\c,l 011 ~LO~IOII:IL l l l r i ~ t l ~ l J \  
using rcl~ablc pcsi.monllorlng lcchrl~qucr. B.i\cJ i in lllc ~~oliulauon d) I I ~ I I ~ ~ C \  01 ~JILIUI ~L.>L!. )u\i 1112 
dalcr or insccltci~lc applicat~on\ ran he adju\lcil 10 ice11 p c 4 i  klosv ciorionlt. injur) I:icl\ 
Cultural canlrol, h ~ ~ r l o g ~ i a l  conlrol, hir\l-[ilanl : c \ i \w~ ie  JI I~ LI:C~III.J~ cui~irul i l ~ou ld  k 
intcgraccd In an c i l w l ~ v c  mannrr. Cul iun l  ~ i r nvo l \  rutl, .I\ \oivuig d.s~c. rJtc I c~ t> l~ i i . r  . ~ l~ j i l l , ~ t~un ,  
wccding, ca .  hhould Ionn ~liajor cimlpirlrnl\ 111 lpi'\l ~~I~I I . I~~I :ZI I I  S I I I I I ~J~ ! .  .rojlllllig \)\!e111! ~ n l l  
culuvws Ihal cncoungc natural cncrnlc. \Ilri~~lil !h . ~ i l i ~ ~ t ~ l ~ d  arid I111cd l111i: ICI ro~i l :~ i l  ~ir~!p:.l l~ll~ii.~ 
Usc of pcrt.rcslrwnl cuIllvdr\ ~ l ~ a u l d  Iorm a lh.tcLh~inc o i  luiurc pc\l II~JII.I~CIIICIII \jtte111\ E I I o r l ~  
should bc lnadc lo  dciclop, rclcasc. ; ~ n d  popular~rc r c !~ \~nn~  c u l n t ~ r j  III pcs: i ~ ~ i l i ' n ~ ~ .  xc.ir Chcmicnl 
conVol should k urn1 o!a 1a\1 rcrofl, 11 >lloulcl hc need h.t\cii 21:il hc u\cil i:r! !LLIIIIIIII,I! I l l ~cc11~1~ Ic  
cllccllvcncr\ and sclcc~ivily \houlil lie IiiilLccI l i l l i i  ill . i , l ~ l ~ ~ i t i ~ ~  t i  1112 iIsi\c ,11111 IIIC~'.OL: 8 1 1  . l~ l l l i i r . l l lU~~ 
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